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ABSTRACT 
Gas and o i l w e l l  d r i l l i n g  is a hazardous b u s i n e s s  which relies on human v i g i l a n c e  t o  
The r e s u l t  o f  human 
d e t e c t  a sudden i n f l u x  o f  g a s  from t h e  formation i n t o  t h e  w e l l  bo re ,  and human c o n t r o l  
a c t i v i t y  t o  manage t h e  m i g r a t i o n  of t h i s  gas  bubble  t o  t h e  s u r f a c e .  
e r r o r  i n  e i t h e r  c a s e  can r e s u l t  i n  a blowout which can cause c o n s i d e r a b l e  damage t o  people ,  
equipment and t h e  environment. 
Human performance i n  such s i t u a t i o n s  i s  l i m i t e d  by t h e  h a r s h  p h y s i c a l  environment,  
v a r i a b l e  l e v e l s  o f  t r a i n i n g  and v a r i a b l e  s t a n d a r d s  o f  i n s t rumen ta t ion .  Xecent ly ,  computer 
d i s p l a y s  have been in t roduced  t o  p r e s e n t  i n fo rma t ion  i n  a more a p p r o p r i a t e  form f o r  a i d i n g  
human performance. The d e s i g n  of t h e s e  d i s p l a y s  appears  t o  have had ve ry  l i t t l e  human 
f a c t o r s  i n p u t .  
Th i s  paper  d e s c r i b e s  some o f  t h e  ways i n  which computers d i s p l a y s  can b e  used t o  reduce 
t h e  p r o b a b i l i t y  of human e r r o r  and enhance human performance i n  gas  and o i l w e l l  d r i l l i n g .  
I n t r o d u c t i o n  
Human e r r o r  and human e f f i c i e n c y  are c r i t -  
ical  i s s u e s  i n  o i l  and gas  w e l l  d r i l l i n g .  The 
i m p l i c a t i o n s  of an  a c c i d e n t  due t o  human e r r o r  
may b e  c a t a s t r o p h i c  i n  terms of i n j u r y  t o  per- 
sonne l ,  damage t o  equipment, l o s t  p roduc t ion  
t ime and c o s t  of r e s t o r i n g  t h e  system t o  i t s  
o r i g i n a l  l e v e l  of func t ion .  Engineer ing and 
a d m i n i s t r a t i v e  c o n t r o l s  have been developed 
over t h e  y e a r s  t o  r educe  t h e  l i k e l i h o o d  of such 
occurrences and t o  minimize t h e  consequences. 
However, t h e  weak l i n k  i n  t h e  system w i l l  always 
b e  t h e  human be ing  a c t i n g  i n a p p r o p r i a t e l y  i n  h i s  
r o l e  as a d e s i g n e r ,  ma in ta ine r ,  t r o u b l e  s h o o t e r ,  
monitor ,  o p e r a t o r ,  u s e r ,  e t c .  
The i m p l i c a t i o n s  of human d e c i s i o n s  i n  
terms of p r o d u c t i v i t y  are e q u a l l y  important .  
The d e c i s i o n s  t o  change a b i t ,  d r i l l i n g  rate,  
mud c h a r a c t e r i s t i c s ,  maintenance o p e r a t i o n s ,  
e t c . ,  can a l l  have e f f e c t s  on t h e  e f f i c i e n c y ,  
and t h e r e f o r e ,  c o s t  of t h e  ope ra t ion .  
The D r i l l i n g  P rocess  
I n  t h e  d r i l l i n g  p rocess ,  a hardened b i t  
which i s  a b l e  t o  cu t  i n t o  g e o l o g i c a l  forma- 
t i o n s  i s  a t t a c h e d  t o  t h e  bottom o f  an  extend- 
a b l e  s e r i e s  o f  p ip ing .  A motor is  used t o  ro- 
t a t e  t h e  b i t  and d r i v e  t h e  p ip ing  i n t o  t h e  
d r i l l i n g  h o l e .  A v i scous  f l u i d  c a l l e d  d r i l l -  
i n g  mud i s  used t o  l u b r i c a t e  t h e  p i p e  and b i t  
as they t r a v e l  down t h e  h o l e .  The mud c i r c u -  
l a t e s  downward through t h e  i n s i d e  of t h e  d r i l l  
p i p e  and comes back up through t h e  annulus be- 
tween t h e  d r i l l p i p e  and t h e  d r i l l i n g  ho le .  A t  
v a r i o u s  p o i n t s  i n  t h e  d r i l l i n g  p rocess ,  t h e  
h o l e  i s  encased i n  cement t o  ensu re  t h e  sta- 
b i l i t y  of t h e  h o l e  and t h a t  t h e  proper  d i r e c -  
t i o n  of d r i l l i n g  i s  maintained.  
Care must b e  t aken  t o  ensu re  t h a t  t h e  
p r e s s u r e  i n s i d e  t h e  d r i l l i n g  h o l e  i s  always 
g r e a t e r  t h a n  t h a t  of t h e  surrounding f l u i d  i n  
t h e  formation.  The d e n s i t y  of t h e  d r i l l i n g  mud 
i s  a n  important  f a c t o r  i n  c o n t r o l l i n g  t h i s  pres-  
s u r e .  For a v a r i e t y  of r easons ,  formation f l u -  
i d  may o c c a s i o n a l l y  seep  i n t o  t h e  d r i l l i n g  mud. 
I f  t h e  formation f l u i d  is gas  o r  some o t h e r  
f l u i d  less dense t h a n  t h e  d r i l l i n g  mud, t h e  
d r i l l i n g  mud could b e  fo rced  out  of t h e  h o l e  a t  
a h i g h  v e l o c i t y .  The i n f l u x  of  formation f l u i d  
i n t o  t h e  d r i l l i n g  mud i s  known as a "kick", and 
i s  an  i n d i c a t o r  of a p o t e n t i a l  o i l - w e l l  blow- 
o u t .  A blowout i s  de f ined  t o  b e  t h e  "uncon- 
t r o l l e d  flow of formation f l u i d s  o r  gas  from a 
we l lbo re  i n t o  t h e  atmosphere o r  i n t o  low pres-  
s u r e  subsu r face  zones'' ( S h e f f i e l d ,  1981) .  
C l e a r l y ,  a blowout can b e  c a t a s t r o p h i c ,  r e s u l t -  
i n g  i n  huge l o s s e s  and g rave  p h y s i c a l  r i s k .  
The monitor ing and c o n t r o l  of  blowout ind ica -  
t i n g  k i c k s  comprise t h e  t a s k s  t o  b e  s t u d i e d  i n  
t h i s  r e s e a r c h .  
In s t rumen ta t ion  
The development of d r i l l i n g  instrumenta-  
t i o n  and d i s p l a y s  h a s  been based on t h e  demand 
f o r  a p a r t i c u l a r  f u n c t i o n  by d r i l l i n g  s i t e  per- 
sonne l .  Sometimes t h i s  "demand" is  encouraged 
by equipment manufacturers  i n  o r d e r  t o  i n c r e a s e  
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t h e  s a l e s  of t h e i r  p roduc t s  which may not  always 
b e  of c r i t i c a l  importance t o  t h e  ope ra t ion .  
Equipment manufacturers  and d r i l l i n g  s i t e  per- 
sonne l  a l s o  fo l low f a s h i o n  i n  t h e i r  des igns  
and demands f o r  new p roduc t s .  The c u r r e n t  
p r e s s u r e  f o r  d i s c r e t e  d i g i t a l  p r e s e n t a t i o n  of 
i n fo rma t ion  is one such f a sh ion .  Although t h e  
p r e c i s i o n  and r e s o l u t i o n  a f fo rded  by d i g i t a l  
i n fo rma t ion  has  i ts  p lace ,  accuracy and e f f i -  
c iency a r e  not guaranteed i n  a l l  s i t u a t i o n s .  
Conversely,  t h e  r e c e n t  t r e n d  towards computer 
g raph ic s  may not  always provide t h e  b e s t  solu-  
t i o n  t o  a d i s p l a y  problem. 
Appropr i a t e  d i s p l a y  d e s i g n  r e q u i r e s  a c l o s e  
a n a l y s i s ,  not  on ly  o f  t h e  f u n c t i o n  o f  a p a r t i c -  
u l a r  i n s t rumen t ,  b u t  a l s o  of t h e  way i n  which 
it is l i k e l y  t o  b e  used by u s e r s  w i t h  va ry ing  
a b i l i t i e s ,  expe r i ences  and h a b i t s .  Roughnecks 
do n o t  always have t h e  f i n e s s e  of a i r l i n e  p i l o t s  
whose requirements  have been ve ry  i n f l u e n t i a l  
i n  t h e  e v a l u a t i o n  of d i s p l a y  d e s i g n  p r i n c i p l e s .  
It should b e  remembered, however, t h a t  t h e  
c h a r a c t e r i s t i c s  and t r a i n i n g  of t h e  u s e r s  of 
f u t u r e  in fo rma t ion  systems may b e  ve ry  d i f f e r -  
en t  from t h o s e  of t h e  c u r r e n t  incumbents. The 
d r i l l i n g  c o n t r o l  c e n t e r s  of t h e  f u t u r e  w i l l  b e  
manned by people  whose expe r i ence  and t r a i n i n g  
w i l l  b e  a mix tu re  o f  exposure t o  t h e  p r a c t i -  
c a l i t i e s  of t h e  d r i l l i n g  s i t e  and t h e  knowledge 
of t h e  classroom. 
Re la t ed  Display Design L i t e r a t u r e  
Conventional ana log  and d i g i t a l  d i s p l a y s  
have been shown t o  b e  inadequa te  f o r  t h e  pres-  
e n t a t i o n  of t r e n d  o r i e n t e d  o r  t ime dependent 
i n fo rma t ion  a s  i s  commonly found i n  p rocess  
c o n t r o l  s e t t i n g s .  (McCormick, 1980; Geiser, 
1980; T u l l i s ,  1981) .  T u l l i s  (op c i t )  showed 
t h a t  t h e  accuracy of s u b j e c t s  responses  d i d  no t  
va ry  s i g n i f i c a n t l y  wi th  d i s p l a y  format.  How- 
e v e r ,  r e sponse  times d i f f e r e d  between formats  
w i t h  t h e  b e s t  mean response t i m e  ob ta ined  us ing  
t h e  c o l o r  g r a p h i c s  d i s p l a y ,  fol lowed by t h e  
b l a c k  and w h i t e  g raph ic s  and t h e  alphanumeric 
d i s p l a y s .  The s u b j e c t s  showed a c l e a r  p re f -  
e r ence  f o r  t h e  c o l o r  d i s p l a y s .  Another obser-  
v a t i o n  was t h a t  g r a p h i c a l  p r e s e n t a t i o n  i s  
p a r t i c u l a r l y  u s e f u l  f o r  unprac t i ced  u s e r s ,  and 
may b e  e s p e c i a l l y  e f f e c t i v e  f o r  t r a i n i n g .  
Shutz (1961, a )  compared l i n e  type  graphs 
wi th  v e r t i c a l  and h o r i z o n t a l  b a r  graphs.  The 
r e s u l t s  showed t h a t  t h e  s u b j e c t s  performed b e t -  
ter w i t h  and f avored  t h e  l i n e  t y p e  graphs.  A 
second s tudy  by ,Shut2 (1961, b) compared mul t i -  
p l e  l i n e s  on a s i n g l e  graph wi th  t h e  use  of 
m u l t i p l e  graphs,  each wi th  a s i n g l e  l i n e .  
Po in t  r ead ing  and l i n e  comparison t a s k s  were 
employed. D i sp lay  format appeared t o  have no 
e f f e c t  on performance accuracy however pe r fo r -  
mance t ime d e t e r i o r a t e d  on t h e  p o i n t  r ead ing  
t a s k  wi th  an i n c r e a s i n g  number o f  l i n e s  when 
using t h e  m u l t i p l e  l i n e  format .  
occur  w i t h  t h e  m u l t i p l e  graph format .  There 
Th i s  d i d  not  
w a s  a c l e a r  s u p e r i o r i t y  of m u l t i p l e  l i n e s  over  
m u l t i p l e  graphs i n  t h e  comparison t a s k s .  
Penn ia l  (1980) s u g g e s t s  t h a t  computer 
g raph ic s  d i s p l a y s  can r e p l a c e  t h e  conven t iona l  
c h a r t  r eco rde r  i n  t h e  p rocess  c o n t r o l  room. He 
i n d i c a t e s  t h a t  r e s e a r c h  i n  t h i s  a r e a  w i l l  usu- 
a l l y  b e  a p p l i c a t i o n s  o r i e n t e d  r a t h e r  t h a n  
t h e o r e t i c a l l y  motivated.  
Eva lua t ion  of D r i l l i n g  Di sp lays  
A survey of c u r r e n t l y  used d r i l l i n g  in -  
s t r u m e n t a t i o n  i n d i c a t e d  a wide v a r i e t y  of i n -  
s t rumen t s  w i th  no o b j e c t i v e  means of compari- 
son.  Consequently r e sea rch  h a s  been s t a r t e d  on 
t h e  d e s i g n  o f  a v e r s a t i l e  s imula to r  t h a t  can b e  
used t o  e v a l u a t e  a l t e r n a t i v e  d i s p l a y  formats  as 
w e l l  a s  f u l f i l l  conven t iona l  t r a i n i n g  and oper- 
a t o r  e v a l u a t i o n  f u n c t i o n s .  
The procedure h a s  been t o  develop a set of 
g e n e r i c  d i s p l a y  types  us ing  a Tek t ron ix  ( 4 0 5 4 )  
h igh  r e s o l u t i o n  g raph ic s  system. These g e n e r i c  
d i s p l a y  t y p e s  can be s e l e c t e d ,  s c a l e d  and la- 
b e l l e d  t o  r e p r e s e n t  s p e c i f i c  f u n c t i o n s .  
One such f u n c t i o n  was t h e  d i s p l a y  o f  pres-  
s u r e  v a r i a b l e s  t o  s i m u l a t e  t h e  changes asso-  
c i a t e d  w i t h  t h e  i n f l u x  of g a s  i n t o  t h e  w e l l  
b o r e  du r ing  a d r i l l i n g  o p e r a t i o n .  
of t h e  experiment was t o  compare fou r  d i s p l a y  
formats  w i th  r ega rd  t o  t h e i r  u se  i n  t h e  de- 
t e c t i o n  and subsequent c o n t r o l  of a gas  k i c k .  
The formats  t h a t  were t e s t e d  were 
The purpose 
a .  D i g i t a l  
b.  Conventional ana log  gauges 
c .  H o r i z o n t a l  l i n e  graphs 
d ,  V e r t i c a l  l i n e  graphs 
It was hypo thes i sed  t h a t  t h e  s u b j e c t s  
would show s h o r t e r  response and c o n t r o l  t imes  
on t h e  l i n e  graphs t h a n  on t h e  o t h e r  d i s p l a y  
forms. 
Methods 
The s u b j e c t  monitored a CRT s c r e e n  u n t i l  a 
d e v i a t i o n  away from t h e  "normal" c o n d i t i o n  was 
pe rce ived .  Th i s  corresponded t o  a k i c k  i n  t h e  
d r i l l i n g  p rocess .  The s u b j e c t  t hen  c o n t r o l l e d  
t h e  p o s i t i o n  of a choke through t h e  u s e  of two 
keys on t h e  computer keyboard, one key t o  open 
t h e  choke, t h e  o t h e r  t o  c l o s e  i t .  The sub- 
j e c t ' s  t a s k  was t o  r e t u r n  t h e  d i sp layed  pres-  
s u r e s  back t o  t h e  "normal" l e v e l  and b r i n g  t h e  
k i c k  under c o n t r o l .  
Each of t h e  f o u r  d i s p l a y s  contained i n f o r -  
mation concerning pump s t r o k e  r a t e  and mud 
weight ,  and uses  a s e m i c i r c u l a r  gauge t o  repre-  
s e n t  choke p o s i t i o n .  The d i s p l a y  o f  d r i l l p i p e  
and cas ing  p r e s s u r e s  d i f f e r e d  f o r  each format.  
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An i n d i c a t i o n  of t h e  t a r g e t  p r e s s u r e  was inc lud -  
ed i n  each d i s p l a y .  For t h e  d i g i t a l  d i s p l a y ,  
numerical  va lues  of t h e  p r e s s u r e s  were shown 
and t h e  t a r g e t  p r e s s u r e  i s  a l s o  r ep resen ted  
numerical ly .  The analog d i s p l a y  included two 
gauges and a marker on t h e  d i a l  o f  each gauge 
f o r  t h e  t a r g e t  p r e s s u r e s .  The l i n e  graph d i s -  
p l ays  used t h e  m u l t i p l e  l i n e  f e a t u r e  i n v e s t i g a -  
t e d  by Schutz ,  and two d i f f e r e n t  l i n e  s t y l e s  t o  
ensu re  t h a t  t h e  p r e s s u r e  i n d i c a t o r s  are d i s -  
c r iminab le .  Add i t iona l  l i n e s ,  p a r a l l e l i n g  t h e  
t i m e  a x i s  f o r  each o f  t h e  l i n e  t y p e  d i s p l a y s ,  
were used t o  show t h e  t a r g e t  p r e s s u r e s .  
The dependent v a r i a b l e s  were response t i m e  
and c o n t r o l  t ime.  Response t i m e  w a s  de f ined  a s  
t h e  t i m e  r e q u i r e d  f o r  t h e  s u b j e c t  t o  d e t e c t  t h e  
d e v i a t i o n  from normal d r i l l i n g  c o n d i t i o n s .  Th i s  
t i m e  w a s  measured by t h e  r e a l  t i m e  c lock  module 
of t h e  computer system and recorded i n  a d a t a  
f i l e .  Con t ro l  t i m e  w a s  de f ined  a s  t h e  t i m e  it 
took t h e  s u b j e c t  t o  b r i n g  t h e  p rocess  back t o  
t h e  normal c o n d i t i o n s .  It w a s  measured a s  t h e  
t i m e  from t h e  i n i t i a l  d e v i a t i o n  t o  t h e  p o i n t  
a t  which t h e  p rocess  had been s t a b i l i z e d  with-  
i n  s p e c i f i e d  upper and lower l i m i t s .  Measure- 
ment of c o n t r o l  t i m e  w a s  a l s o  accomplished v i a  
t h e  computer 's  real  t ime c lock .  
The major c o n t r o l  v a r i a b l e s  f o r  t h i s  ex- 
periment included viewing d i s t a n c e ,  ambient 
l i g h t i n g  l e v e l s ,  and b r i g h t n e s s  of t h e  computer 
d i s p l a y .  Other  f a c t o r s  which were h e l d  f i x e d  
a r e  room t empera tu re ,  n o i s e  l e v e l ,  and a c c e s s  
t o  t h e  l a b o r a t o r y .  
R e s u l t s  
The use  o f  t h e  SAS General  L inea r  Model 
Procedure i n d i c a t e d  a s i g n i f i c a n t  d i s p l a y  e f f e c t  
f o r  Response T i m e  (P  < 0.01) and f o r  Con t ro l  
Time (P < 0.002).  A s  would have been expected 
t h e r e  were s i g n i f i c a n t  s u b j e c t  e f f e c t s  bu t  no 
s i g n i f i c a n t  l e a r n i n g  ( t r i a l )  e f f e c t s .  The e r r o r  
mean squa res  f o r  r e sponse  t i m e  was 6.58 and t h a t  
f o r  c o n t r o l  t i m e  w a s  959.22. The d e t a i l s  of t h e  
mean performance t i m e s  a r e  given i n  Table  1. 
For r e sponse  t i m e s  i t  is seen  t h a t  t h e  guages 
and h o r i z o n t a l  l i n e  graph were a s s o c i a t e d  wi th  
s h o r t e r  t i m e s  t h a n  t h e  o t h e r  two d i s p l a y  f o r -  
mats. For c o n t r o l  t i m e s ,  however, it can b e  
seen t h a t  t h e  d i g i t a l  format w a s  worse t h a n  t h e  
o t h e r  forms which w e r e  not  d i f f e r e n t  from each 
o t h e r .  
Discuss  i o n  
Experimental  R e s u l t s  
The i n f e r e n c e  from t h e s e  experimental  re- 
s u l t s  is t h a t  analog o r  g r a p h i c a l  means may b e  
b e t t e r  ways of communicating d e v i a t i o n s  from 
normal c o n d i t i o n s  i n  a Yrocess c o n t r o l  s i t u a -  
t i o n .  Furthermore t h e s e  media a r e  a l s o  b e t t e r  
t h a n  d i g i t a l  d i s p l a y s  i n  t h e  c o n t r o l  of a pro- 
c e s s  once a problem h a s  been recognized.  How- 
eve r  a s u r p r i s i n g  nega t ive  r e s u l t  of t h i s  ex- 
periment was t h a t  t h e  u s e  of a memory a ided  
display-t ime h i s t o r y  was p re sen ted  on t h e  l i n e  
graphs-showed no advantage over  t h e  convention- 
a l  analog guages which on ly  convey c u r r e n t  
s t a t u s  and c o n t r o l  l i m i t s .  
D r i l l i n g  Di sp lavs  
The d r i l l e r ' s  r o u t i n e  t a s k  is t o  monitor ,  
p e r i o d i c a l l y  o r  con t inuous ly ,  t h e  s t a t e  of t h e  
p rocess  by obse rva t ton  o f  t h e  v a r i o u s  d i s p l a y s  
o f  p rocess  v a r i a b l e s .  Following t h e s e  observa- 
t i o n s  h e  makes w e l l  de f ined  and preplanned de- 
c i s i o n s  t o  implement c o n t r o l  a c t i o n s .  I f  h i s  
d i s p l a y s  i n d i c a t e  t h a t  t h e  b i t  i s n ' t  on t h e  
bot tom o f  t h e  h o l e ,  t h e n  h e  d rops  i t  accord- 
i n g l y .  I n  g e n e r a l  such d e c i s i o n s  are not  
h u r r i e d .  O r ,  i f  t h e r e  is  some t i m e  p r e s s u r e  a s  
i n  t h e  t r i p p i n g  o p e r a t i o n ,  t h e  d r i l l e r  i s  usu- 
a l l y  capab le  o f  hand l ing  t h e  in fo rma t ion ,  de- 
c i s i o n  and c o n t r o l  a c t i o n  i n  a smooth manner. 
A p o i n t  t o  n o t e  h e r e  is t h a t  i t  i s  common 
f o r  t h e  d r i l l e r  t o  use in fo rma t ion  t h a t  i s  not  
conveyed by t h e  formal  d i s p l a y s .  For example, 
t h e  f i r s t  s i g n  of a problem wi th  t h e  c i r c u l a -  
t i o n  system may b e  a change i n  t h e  sound of t h e  
mud pump; d i r e c t  o b s e r v a t i o n  o f  t h e  r e t u r n  mud 
c h a r a c t e r i s t i c s  i s  ano the r  common source .  The 
importance o f  such "informal" in fo rma t ion  
sources  should not  b e  overlooked.  
A second monitor ing f u n c t i o n  r e q u i r e s  t h e  
d r i l l e r  t o  d e t e c t  p rocess  changes t h a t  a r e  be- 
yond t h e  normal o r  s a f e  range.  This  f u n c t i o n  
r e q u i r e s  t h a t  h i s  a t t e n t i o n  b e  a t t r a c t e d  t o  t h e  
a p p r o p r i a t e  i n fo rma t ion  source ,  t h a t  he can 
t h e n  d e t e c t  t h e  r e l e v a n t  i n fo rma t ion  and t h a t  
some i n d i c a t i o n  o f  a p p r o p r i a t e  a c t i o n  i s  provi-  
ded. Such monitor ing a c t i v i t y  i s  commonly 
a ided  by a u d i b l e  and/or  v i s u a l  annunc ia t ion  i n  
a d d i t i o n  t o  t h e  usua l  p rocess  d i s p l a y s .  Th i s  
TABLE 1: Summary o f  Experimental  R e s u l t s  i n  Seconds 
Display Format Response T i m e s  Con t ro l  T i m e s  
D i g i t a l  21 5.24 1.45 31 114.71 42.17 
Guages 31 4.29 1.19 32 89.44 39.18 
Hor i zon ta l  Graph 29 4.69 1.37 31 87.77 29.03 
V e r t i c a l  Graph 28 5.1 2.01 30 93.33 36.20 
- - 
N x  SD N x  SD 
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annunc ia t ion  is based on p resc r ibed  c o n t r o l  
l i m i t s  which a r e  not always p e r t i n e n t  t o  par- 
t i c u l a r  p rocess  s t a g e s ,  Consequently annuncia- 
t i o n  may b e  too  f r equen t  and not  always i n f o r -  
mat ive,  o r  may b e  tu rned  o f f :  
Another c h a r a c t e r i s t i c  o f  t h e  d r i l l e r ' s  
a c t i v i t i e s  i s  t h a t  h e  monitors  many p rocess  
parameters  r e l a t e d  t o  t h e  h o i s t i n g ,  r o t a t i n g ,  
c i r c u l a t i o n  and p i p e  j o i n i n g  systems.  
f o r e  may have a v a r i e t y  of i n d i c a t i o n s  t h a t  
something i s  wrong and h i s  d i a g n o s i s  may b e  
based on a s s o c i a t i o n s  of a number of i nd ica -  
t i o n s .  I n  computer based systems some of t h i s  
analgamat i o n  is performed a u t o m a t i c a l l y  t o  
c r e a t e  i n d i c e s  such a s  t h e  "D" exponent.  
H e  t he re -  
Given t h i s  l e v e l  of complexity i n  t h e  
d r i l l i n g  t a s k  t h e  human f a c t o r s  des ign  problem 
is  t o  c r e a t e  d i s p l a y s  t o  a i d  t h e  d r i l l e r s .  It 
is  l i k e l y  t h a t  f a s h i o n  w i l l  l e a d  t o  t h e  adop t ion  
of computer g raph ic  d i s p l a y s  b u t  such d i s p l a y s  
w i l l  r e q u i r e  thorough i n v e s t i g a t i o n  a long  t h e  
l i n e s  desc r ibed  i n  t h e  experiment.  
r e sea rch  t o p i c s  w i l l  i n c l u d e  t h e  u s e  of t h e  com- 
pu te r  t o  perform a c t i o n  prompting f u n c t i o n s  and 
a s  a p a r a l l e l  s i m u l a t o r  t o  r e s o l v e  'what i f '  
ques t ions .  
Fu r the r  
Another problem o f  d i s p l a y  des ign  is rela- 
ted t o  t h e  f a c t  t h a t  once a g a s  k i c k  h a s  been  
de tec t ed  t h e  d r i l l e r  may be under cons ide rab le  
t ime and s a f e t y  stress. Furthermore t h e  d r a s t i c  
d e c i s i o n  t o  r a d i c a l l y  b lock  o f f  t h e  h o l e  may b e  
ve ry  c o s t l y .  The p h y s i c a l  environment may a l s o  
b e  ha r sh .  Hence t h e  d r i l l e r ,  o r  more commonly 
h i s  s u p e r v i s o r ,  t h e  t o o l  pusher ,  may be f aced  
wi th  a d e l i c a t e  c o n t r o l  problem under many 
sources  of s t r e s s .  Thus t h e  d i s p l a y s  t h a t  f i n d  
t h e i r  way on t o  t h e  d r i l l i n g  s i t e s  w i l l  b e  used 
under c o n d i t i o n s  t h a t  cannot b e  adequa te ly  s i m -  
u l a t ed  i n  t h e  l a b o r a t o r y .  
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